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ABSTRACT

An ultrasonic angioplasty apparatus includes an ultra
Sonic generator which is coupled to a segmented wire
that includes a relatively stiff portion, a more flexible
portion and an extremely flexible portion. Ultrasonic
energy, which is coupled to an end of the relatively stiff
portion, reduces friction between the wire and an inte
rior arterial vessel wall and whip-like motion of the
extremely flexible portion allows the wire to pass high
grade occlusions and plaque build-ups. The ultrasonic
generator has a selectable range of operating frequen
cies which allow whip-like motion of the end of the
wire, or alternatively directing ultrasonic cavitational

forces into vessel wall to remove plaque build-up.
17 Claims, 3 Drawing Sheets
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BATTERY OPERATED MULTIFUNCTION
ULTRASONIC WIRE FOR ANGOPLASTY
BACKGROUND OF INVENTION
1. Field of Invention

5

This invention relates generally to an ultrasonic sur
gical system and more particularly relates to a battery
operated multifunction ultrasonic wire for angiograms, 10
angioplasty and similar vascular procedures.
2. Description of the Prior Art
The prior art related to apparatus for angiograms,
angioplasty and similar vascular procedures, includes
various types of guide wires typically for guiding a
balloon catheter to the location of a clot and/or plaque 15
forming a constriction or blockage within a vessel. One
of the difficulties associated with such procedures is
difficulty of passing the guide wire through the vessel,
because of friction between the guide wire and a wall of 20
the vessel as well as getting past a lesion or past the
blockage of the vessel.
SUMMARY OF INVENTION

In accordance with present invention, there is pro
vided a battery operated multi-function ultrasonic wire 25
for angiograms, angioplasty and similar vascular proce
dures, which includes an ultrasonic generator and a
segmented wire. The segmented wire comprises a rela
tively stiff portion, which is joined to a somewhat more
flexible portion, which in turn is joined to an extremely 30
flexible end portion. The relatively stiff portion is cou
pled directly to the ultrasonic generator and application
of ultrasonic energy thereto decreases frictional forces
between the segmented wire and arterial vessel wall,
thereby facilitating insertion of the segmented wire and 35
also causing a whip-like motion of the end portion
which enables the wire to cross high grade lesions.
The ultrasonic generator has a selector switch which
allows choice between two modes of operation. In the
first mode the ultrasonic energy decreases friction be
tween the segmented wire and the vessel wall. In the
second mode the ultrasonic energy enables a rasp-like
portion of the segmented wire which is located on the
distal end of the second portion of the wire to file away
portions of plaque or other build-ups.
45
It is, therefore, a principal object of the present inven
tion to provide a battery operated multifunction ultra
sonic wire, particularly well suited for angioplasty,
which utilizes ultrasonic energy to facilitate passage of
50
the guide wire through the vessel.
Another object of the present invention is to provide
a battery operated multifunction ultrasonic wire, partic
ularly well suited for angioplasty, which is a capable of
applying cavitational energy to clear an occlusion in an
artery.

Still a further object of the present invention is to
provide a battery operated multifunction ultrasonic
wire, particular well suited for angioplasty, which pro

BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other objects and many of the
attendant advantages of this invention will be appreci
ated readily as they become understood better by refer
ence to a following detailed description of certain pre
ferred embodiments considered in connection with ac
companying drawings in which:
FIG. 1 is an exploded view of a battery operated
multifunction ultrasonic wire for angioplasty with the
guide wire shown separated from the ultrasonic genera
tor;

FIG. 2 is a fragmentary cross sectional view showing
internal construction of the ultrasonic generator of
FIG. 1;
FIG. 3 is an elevation view of the guide wire of FIG.
1;

FIG. 4 is a block diagram of an of an electrical circuit
for the ultrasonic generator of FIG. 1;
FIG. 5 is a cross sectional view of the guide wire
crossing a high grade lesion;
FIG. 6 is a cross sectional view of a triangular cross
sectional wire which is wrapped on the guide wire;
FIG. 7 is a cross sectional view of the guide wire in
the process of reducing the build-up of plaque or the
like through the mechanical complying of ultrasonic
motion;
FIG. 8 is a cross sectional view of the guide wire in
the process of applying cavitational energy for the dila
tion of an artery; and
FIG. 9 is a cross sectional view of the guide wire in

the process of applying a balloon catheter pressure to a
plaque build-up on the inner wall of the artery.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT
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Still another object of the present invention is to
provide a battery operated multifunction ultrasonic
wire, particularly well suited for angioplasty, which
includes a rasp-like portion for removal of plaque or
other build-up and dilation of the artery.
A further object of the present invention is to provide
a battery operated multifunction ultrasonic wire, partic
ularly well suited for angioplasty, which includes a
disposable ultrasonic generator to eliminate need for
sterilization.

2

vides both longitudinal motion along its length to facili
tate passage of the guide wire through vessel lumens
and transverse motion of a tip portion which aids in
passing the wire past a high grade occlusion or plaque
build-up.
Yet a further object of the present invention is to
provide a battery operated multifunction ultrasonic
wire, particularly well suited for angioplasty, which is
capable of a first mode of operation wherein it decreases
friction between the guide wire and the wall of the
vessel and a second mode of operation wherein ultra
sonic motion is used to prune plaque build-up from the
wall of the vessel.
Yet another object of the present invention is to pro
vide a battery operated multifunction ultrasonic wire,
particularly well suited for angioplasty, which com
prises a relatively small number of components result
ing in highly reliable operation.

Referring now to drawing wherein like reference
characters designate like or corresponding parts
throughout, there is illustrated in FIG. 1, a battery

operated multifunction ultrasonic wire apparatus gener
ally designated as reference numeral 10, particularly
well suited for angioplasty, which includes a battery
operated ultrasonic generator assembly generally desig
nated 12 and a composite guide wire generally desig
nated 14.
65

The ultrasonic generator assembly 12 includes an
ultrasonic velocity transformer 16 which couples en
ergy directly into the composite guide wire 14 in order
to decrease frictional forces between a surface 18 of the

3
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composite guide wire 14 and a surface of an inner wall
of an arterial vessel, typically during an angioplasty
procedure. The ultrasonic generator assembly 12 has
the effect of increasing slipperiness along the surface 18
of the composite guide wire 14 while in contact with an 5
inner wall of the arterial vessel and also causing a multi
directional whip-like motion of an end 20 of the com
posite guide wire 14 which increases probability of
crossing high grade lesions.
The ultrasonic generator assembly 12 is capable of 10
operating in two modes. In the first mode of operation,
the ultrasonic generator assembly 12 creates uniform
slipperiness along the surface 18 of the composite guide
wire 14 and whip-like motion as previously described.
In the second mode of operation, the ultrasonic genera

15

tor assembly 12 increases ability of the composite guide
wire 14 to dilate the artery or remove plaque. In the
second mode of operation, the composite guide wire 14
is capable of increasing the size of vessel lumens by
directing cavitational forces into the vessel wall 20
through use of a rasp-like segment 33 or by utilizing
ultrasonic motion the segment 33 can file plaque or
other build-up in a manner which will described pres
ently.
The modes of operation of the ultrasonic generator 25
assembly 12 are selected through use of a selector
switch 22 which is mounted on an outer surface 24 of a
housing 26. The housing 26 also includes an on-off
switch 28. Depressing the on-off switch 28 directs ultra
sonic vibration into the composite guide wire 14. The 30
housing 26 also includes a hand grip portion 30 for
convenient grasping of the ultrasonic generator 12 by a
medical practitioner typically during an angioplasty
procedure.
With reference to FIG. 3, the composite guide wire 35
14 includes a first segment 32 which is located at a
proximal near end of the composite guide wire 14 and
segments 34 and 36. the segment 36 is located a distal far
end of the composite guide wire 14. The segment 32 is
made of a relatively stiff material and is the least flexible
as compared with the segments 34 and 36 which will
described presently. An appropriate material for the
segment 32 has been found to be stainless steel.
During use an end 38 of the segment 32 is attached to
the velocity transformer 16, and the ultrasonic genera 45
tor assembly 12. The composite guide wire 14 may be
removed from the ultrasonic generator assembly 12 and
then used to direct a balloon catheter or other device
requiring a flexible guide to the location of a lesion in a
SO
vessel as will described presently.
The wire segment 34 is made of a material that is
more flexible than the segment 32. An appropriate ma
terial for the segment 34 has been found to be titanium.
The Segments 32 and 34 are preferably joined together
by electron beam welding at an interface 40. The combi 55
nation of these dissimilar materials, in combination with
energy generated by the ultrasonic generator assembly
12, provides different bending characteristics for reach
ing most remote areas within a human body. The two
segments 32 and 34, in combination with the segment

36, transmit ultrasonic forces in the form of mechanical

movement to file away plaque or similar build-up and
hence increase the lumen size of an artery by filing
away plaque to dilate the artery, typically for insertion

therein of a balloon catheter or other similar device.

The wire segment 34 includes a thin wire 42 having a
triangular cross section which is wound over a distal
end 44 of the segment 34. The cross section of the wire
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42 is shown in FIG. 6. Length of a segment 33, as mea
sured between the locations denoted by reference nu

merals 46, 48; is equal to a one-quarter wave length of
the drive frequency of the ultrasonic generator assem
bly. With the length of the segment 33 equal to one
quarter of said wave length, a control circuit 50 within
the ultrasonic generator assembly 12 can ensure an
adequate supply of ultrasonic energy for increasing the
lumen of an artery while minimizing overall require
ments for ultrasonic energy.
The wire segment 36, as best seen in FIG. 3, is con
structed to be extremely soft and flexible and includes a

thin central wire 52 which has an end 54 pointed to the
end 56 of the segment 34. A hair-like wire 58 is spun

around the central wire 52. The segment 36 has a
rounded end portion 60 and is so soft that it bends or
buckles under its own weight. During operation the
segment 36 performs a whipping motion which allows it
to pass past or through a high grade occlusion. The
degree of whipping motion is controlled by the control
circuit 50 within the ultrasonic generator assembly 12
and includes a circuit board 62 (shown in FIG. 2) upon
which are mounted the control circuit 50, an oscillator

circuit 64 and the driver circuit 66. the control circuit

50, the oscillator circuit 64 and the driver circuit 66

utilize surface mounted components to achieve efficient
high current low voltage battery performance. This
utilization enables batteries 70 to provide sufficient
power adequately to complete an angioplasty proce
dure and enables the apparatus 10 to function as a multi
purpose single use device. This single use feature elimi
nates the need for sterilization.

The control circuit 50 receives inputs from the selec

tor switch 22 via a lead 72 and a lead 74 via the on-off
switch 28. The control circuit 50 is connected to the
oscillator circuit 64 via a lead 76. The oscillator circuit
64 is connected to the driver circuit 66 via a lead 78.
The driver circuit 66 in turn is connected to the trans
ducer 80 via a lead 82.

The control circuit 50 sends a signal associated with
a change in selected use, as controlled by the switch 22,
at a relatively slow rate in order to allow the transducer
80 sufficient time to react to the change in selected use.
If this information is sent too quickly, the transducer 80
would not have sufficient time to react and there would

be a reduction in performance. If this information is sent
too slowly, hot spots would develop along the guide
wire 14 thereby creating need for cooling.
During use, if the practitioner decides that the slip
periness of the guide wire 14 should be maximized,
positioning of the selector switch 22 causes the control
circuit 50 to send signals to the oscillator circuit 66 over
a relatively greater frequency range. This frequency
range is centered about the frequency of the transducer
80 and causes a decrease infrictional forces between the

guide wire 14 and the inner walls of the vessel and also
causes the segment 36 to whip transversely. This whip
ping motion increases probability that a high grade
lesion can be crossed successfully in an acceptable time
period.
If the medical practitioner decides that there is a need
to remove plaque or other build-up, the switch 22 is
moved to the position marked "Dilation' in FIG. 1 and
the control circuit 50 sends signals to the oscillator over
a much narrower frequency range. The guide wire 14 in
this mode is relatively stiff or robust and is able mechan
ically to remove plaque build-up or dilate the artery
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lumen for insertion of other devices typically such as a

balloon catheter.

FIG. 5 shows the apparatus 10 in use crossing a lesion
84 in and after wall portion 86. In this mode the selector
switch 22 has been moved to the position marked "Slip'
in FIG. 1, and the guide wire 14 has a uniform slickness,
thereby promoting ease of passage through intricate

vessels. The wire segment 36 moves with a whip-like
motion in random directions as indicated by the broken
line 88 thereby increasing chances that a narrow pas
sage 90 will be crossed, by finding a correct entry angle,
in a minimum amount of time. The apparatus 10 is par
ticularly effective when the lesion 84 or plaque deposit
or other obstruction is within a curved portion of an

artery. The natural tendency of the guide wire 14 to
remain straight keeps the guide wire 14 to one side of

the artery. With the segment 36 moving in many direc
tions, obscure entry angles can be found thereby reduc

ing difficulty of wire delivery.
Once the guide wire 14 has crossed the lesion 84, the

guide wire 14 can be positioned such that the rasp-like
portion enters the area blocked by the lesion 84 as is
shown in FIG. 7. The selector switch 22 is then moved

10
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a third elongated segment having a proximal end and
a distal end, with said first elongated segment hav
ing a relatively high stiffness as compared to said
second elongated segment and with said third elon
gated segment having a relatively low stiffness as
compared with said second elongated segment;
said distal end of said first elongated segment
joined to said proximal end of said second elon
gated segment and said distal end of said second
elongated segment joined to said proximal end of
said third elongated segment; and
connection means mounted on said ultrasonic genera
tor means for connection of said ultrasonic genera
tor means to said proximal end of said first elon
gated segment.
2. The battery operated multifunction ultrasonic wire
for angioplasty as claimed in claim 1, wherein said first
elongated segment and said second elongated segment
are joined to each other by electron beam welding and
wherein said second elongated segment and said third
elongated segment are joined to each other by electron
beam welding.
3. The battery operated multifunction ultrasonic wire
for angioplasty as claimed in claim 1, wherein said first
elongated segment and said second elongated segment
and said third elongated segment are in general align

to the position marked "Dilation' and cavitational en 25
ergy is focused along the rasp-like portion 33 and can be
applied to the lesion 84. the wire portion 33 can be used
to file away some plaque or other build-up to dilate the ment.
The battery operated multifunction ultrasonic wire
artery 86 sufficiently either for further dilation through for4.angioplasty
as claimed in claim 1, wherein said first
use of a balloon catheter or for sufficient blood flow 30
elongated segment is made of stainless steel.
through the artery 86.
The battery operated multifunction ultrasonic wire
FIG. 8 shows another mode of operation of the appa for5.angioplasty
as claimed in claim 1, wherein said sec
ratus 10. In this mode, the triangular shape of the wire ond elongated segment
is made of titanium.
40 focuses ultrasonic cavitational energy onto an arte
6.
The
battery
operated
ultrasonic wire
rial wall 92 slightly behind the portion 33 as indicated 35 for angioplasty as claimedmultifunction
in claim 1, further compris
by broken line 96. The broken lines 94, 96 indicate the ing
a wrap wire with said wrap wire wound circumfer
area in which the ultrasonic cavitational energy is di entially
on said second elongated segment proximate to
rected. The angle portions indicated typically by the said distal
end of said second elongates segment.
reference numeral 98 direct energy into the artery 86
7.
The
battery
multifunction ultrasonic wire
thereby dilating the lumen and creating an area of in for angioplasty asoperated
claimed
claim 6, wherein said wrap
creased lumen size for passage of a balloon catheter 100 wire has a triangular crossinsection.
(FIG. 9) or for further removal of plaque using the
8. The battery operated multifunction ultrasonic wire
portion 33.
for
as claimed in claim 6, wherein said wrap
FIG. 9 shows the guide wire 14" having advanced wireangioplasty
is wound on said second elongated segment form
deeper into a vessel at 102. The ultrasonic generator 12 45 ing a wirewound portion having a plurality of spiraling
has been removed and the balloon catheter 100 has been
turns, with said wirewound portion having a length
directed over the segment 34 in order to operate on a equal to one-quarter wave length of a selected one of
lesion 104. In this mode of operation, the apparatus 10 said ultrasonic frequencies generated by said ultrasonic
enables the medical practitioner to direct the balloon generator.
catheter 100 in a manner which is known in the field of 50 9. The battery operated multifunction ultrasonic wire
balloon angioplasty.
for angioplasty as claimed in claim 1, wherein said third
It should be understood that the foregoing detailed elongated segment comprises a thin wire.
description relates to a limited number of preferred
10. The battery operated multifunction ultrasonic
embodiments of the invention which have been dis
wire for angioplasty as claimed in claim 9, wherein said
cussed by way of illustration. It is intended to cover all 55 third elongated segment comprises a flexible wire core
changes and modifications of the examples of the inven and a band wire wrapped around said wire core.
tion herein chosen for the purpose of the disclosure,
11. A battery operated multifunction ultrasonic wire
which do not constitute departures from the spirit and for angioplasty as claimed in claim 1, wherein said ultra
scope of the invention.
sonic generator means comprises selector switch means
I claim:
and wherein said ultrasonic generator is capable of
1. A battery operated multifunction ultrasonic wire generating selectively ultrasonic energy having a rela
for angioplasty comprising:
tively broad frequency range and generating ultrasonic
ultrasonic generator means capable of generating energy having a relatively narrow frequency range
ultrasonic frequencies;
with said selector switch means capable of selecting
ultrasonic wire means comprising a first elongated between said frequency ranges.
segment having a proximal end and a distal end;
12. A battery operated wire, especially suited for
a second elongated segment having a proximal end intravascular surgical procedures wherein a circulatory
and a distal end;
vessel is at least partially occluded by an obstruction
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leaving a restricted lumen at the obstruction, the wire
comprising in combination:
generator means for generating selectively ultrasonic
energy having either a broad frequency range or a
narrow frequency range with selector switch
means for selecting therebetween;
a first wire segment having a first proximal end and
first distal end, a second wire segment having a
second proximal end and a second distal end, and a
third wire segment having a third proximal end and
a third distal end, with the three wire segments in

8

mately one-quarter wave length of the second fre
quency range;

whereby with the selector switch means selecting the

10

general alignment;
the first segment having a relatively high stiffness as
compared to that of the second segment and the
third segment being thin and having a relatively 15
low stiffness as compared with that of the second
segment;
the first distal end joined to second proximal end and
the second distal end joined to the third proximal
20
end;
connection means for connecting the generator
means to the first proximal end;
a wrap wire wound on the second distal end, the
second distal end having a length equal to approxi
25

30

35

45

50
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first frequency range, the third segment whips
randomly to find and get through the restricted
lumen and whereby with the selector switch means
selecting the second frequency range and the sec
ond distal end positioned in the lumen dislodging
mechanically clot and/or plaque and/or other de

bris from the lumen and/or to dilate the vessel.

13. The battery operated wire as claimed in claim 12,
wherein the third segment has a band wire wrapped

therearound.

14. The battery operated wire as claimed in claim 12,
wherein the segments are joined by means of electron
beam welding.
15. The battery operated wire as claimed in claim 12,
wherein the first segment is made of stainless steel.
16. The battery operated wire as claimed in claim 12,
wherein the second segment is made of titanium.
17. The battery operated wire as claimed in claim 12,
wherein the wrap wire
is triangular
in cross-section.
k :k
k 2k xk

